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ABSTRACT
Duffy, Mark R. M.S., Department of Chemistry, Wright State University, 2013. The
Synthesis and Characterization of 1,3-Bisphenylsulfonylacetone, 2,5-Dicarboethoxy-3,4di(4-methylphenyl)cyclopentadienone Dimer, and DP-PPV Polymers and Oligomers.
An SN2 reaction between 1,3-dichloroacetone and benzenesulfinic acid sodium
salt was carried out to produce 1,3-bis(phenylsulfonyl)acetone. A crystal structure for
1,3-bis(phenylsulfonyl)acetone was obtained. The SN2 reaction was followed by a
condensation reaction with benzil but this did not yield a condensation product. A photoactive compound, 2,5-dicarboethoxy-3,4-di(4-methylphenyl)cyclopentadienone, was
synthesized and was shown to undergo a unique, solid-state dimerization. Several
reactions involving the ester functions were carried out but these did not yield the
expected products, instead, structural rearrangements seemed to predominate. An
asymmetric cyclopentadienone, 2-carbomethoxy-5-methyl-3,4diphenylcyclopentadienone, was synthesized and it was reacted with norbornadiene to
produce methyl 4-methyl-2,3-diphenylbenzoate. The benzoate was reduced to 4-methyl2,3-diphenylbenzyl alcohol that was either converted to 4-methyl-2,3-diphenylbenzyl
chloride with thionyl chloride or oxidized with manganese dioxide to 4-methyl-2,3diphenylbenzaldehyde. The benzaldehyde derivative was reacted with a phenylated
bisphosphonium salt to produce an oligomeric PPV derivative, 1,4-bis(2,3-diphenyl-4methylphenyl)ethenyl-2,3-diphenylbenzene.
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INTRODUCTION
The similarity between 1,3-bisphenylsulfonylacetone 1 and diethyl 1,3-acetone
dicarboxylate, a starting material for the synthesis of cyclopentadienones, made 1 appear
to be a potential component in reactions with benzil to produce phenylsulfonyl
substituted cyclopentadienones.

1

2

3

The cyclopentadienone dimer 2 was serendipitously discovered1 as part of
previous thesis research. It has been shown to be a light-induced, solid-state dimer.2 Its
characterization and chemistry have not been explored.
Poly(phenylene vinylene)s (PPV) 3 have been reported as unique LED materials.3
Oligomeric PPVs may offer advantages in synthesis and processing.
The objectives of this research were threefold: 1) investigate an efficient synthesis
of 1,3-bisphenylsulfonylacetone 1 and explore its reaction with benzil, 2) repeat the lightinduced synthesis of 2 with respect to yield and determine its reactivity toward common
reagents and 3) investigate the synthesis of an asymmetric PPV oligomeric component to
provide a means of generating limited-conjugation-length, LED-active materials.

1

HISTORICAL
Bisphenylsulfonyl Compounds
The active methylene compound 1,3-bisphenylsulfonylacetone 1 was reported as
early as 1887.4b The original synthesis was a two-step process. First, sodium
benzenesulfinate 4 was reacted with chloroacetone 5 to produce phenylsulfonylacetone 6.
The bromination of 6 to produce 1-bromo-3-phenylsulfonylacetone 7 was followed by
the reaction of 7 with benzenesulfinate 4 to give 1.

1

4

5

6

7

1

In 1959, Stetter reported an alternate sequence for the preparation of 1 as part of a
synthesis of derivatives of 1,3-diazaadamantane derivatives.4a The synthesis was carried
out by reacting thiophenol 8 with 1,3-dichloroacetone 9 in dichloromethane (DCM).4a
The resulting product, 1,3-bis(phenylthio)acetone 10 was oxidized to produce 1,3bisphenylsulfonylacetone 1.4a

2

8

9

10

1

In 1975, an improved method for the preparation of phenylsulfones using
tetrabutylammonium benzenesulfinate 11 was reported.5

11
This method was of interest because of its efficiency compared to the older methods
previously mentioned.5 For example, an ion extraction between tetrabutylammonium
bromide 12 and sodium para-toluenesulfinate 13 was performed to produce
tetrabutylammonium para-toluenesulfinate 14.5

12

13

14

In the temperature range of 10-40°C, 14 was reacted with one equivalent of a primary
alkyl halide 15 in THF.5 This allows for the sulfur atom to act as the nucleophile and
attack the carbon bearing the halogen.5 In other cases, sodium para-toluenesulfinate 14
has a tendency to alkylate on the oxygen atom instead of the sulfur atom.5

3

14

15

16

17

The yield of 19 with the synthesized salt 17 reacting with chloromethyl methyl ether 18
was 59% as compared to the original sodium para-toluenesulfinate 14 reaction with a
yield of 15%.5 This low yield problem is eliminated with the synthesized salt.5

14

18

17

18

19

19

The synthesis of the imidazo[1,2a]pyridine 20 from the anchored sodium
benzenesulfinate 4 and 1,3-dichloroacetone 9 has been described.6

4

9

20

4

The phenylsulfonyl haloacetone 21 was prepared by two routes. In the first, 1,3dichloroacetone 9 was reacted with sodium benzenesulfinate 4 in acetonitrile in a 1:1
molar ratio.6

4

9

21

1

The monosubstituted product, 1-chloro-3-phenylsulfonylacetone 21, was obtained in 64%
yield and the disubstituted product 1,3-bisphenylsulfonylacetone 1 was obtained in 15%
yield.6 They could be separated by chromatography.6
The second method involved the reaction of 4 and 9 in dimethylformamide
(DMF) containing tetrabutylammonium iodide and potassium iodide.6

4

21

9

22

1

The monosubstituted halo acetones 21 and 22 were obtained in 15% and 76%,
respectively.6 The disubstituted product 1 was obtained in trace amounts.6
In 2006, an alternative synthesis for 1,3-bisphenylsulfonylacetone 1 was
described and produced four products.7 The secondary alcohol 24 is the relevant product.7

5

23

38%

24

The same synthesis occurred with the tosylate 25 producing four products.7 The major
product was 1,3-bisphenylsulfanylpropan-2-ol 24.7 The alcohol product 24 was oxidized

25

96%

24

with N,N’-dicyclohexylcarbodiimide (DCC) in dimethyl sulfoxide (DMSO) to provide
the ketone 10.7 In acetic acid and acetic anhydride, the intermediate 10 was oxidized
further with hydrogen peroxide to produce 1,3-bisphenylsulfonylacetone 1 in 31% yield.7

24

10

1

Cyclopentadienone Dimers
In 2003, Smith1,8 synthesized 3,4-bis(4-methylphenyl)-2,5dicarboethoxycyclopentadienone 28 by the reaction of 4,4’-dimethylbenzil 26 and diethyl
1,3-acetonedicarboxylate 27 in the presence of potassium hydroxide. An intermediate
alkoxide salt was then dehydrated with H2SO4.8 Unknown at the time of the synthesis of
28 was its propensity to photochemically dimerize in the solid state.1 Thus, 28 and a
small amount of 2 were reacted with norbornadiene with the intention of converting 28 to
the aromatic diester 29.1,8 Dimer 2 was unreactive toward norbornadiene and stayed

6

intact throughout the reaction. A crystal structure of 28 was determined and is shown in
Figure 1. The existence of 2 was, by chance, discovered when, in the selection of a
crystal for analysis, the crystal selected happened to be one of the dimer 2 (Figure 2).1

26

27

28

2

29

2

7

Figure 1. Crystal structure of 28.

Figure 2. Crystal structure of 2.8
The eight-membered ring that forms upon traditional 4+2 dimerization of
cyclopentadienones was first studied in 1967.9 It was shown that the dimer endotricyclo[4.3.12,5.0]decadien-(3,8)-dione-(7,10) 30 forms two isomers upon exposure to
light.9

8

30

31

32

One of the dimers is a box structure 31 and the other is an eight-membered ring with
carbonyl groups 32 that looks like a 4+4 cycloaddition product.9
In 1971, the tetraphenyl version 33 of 32 was described and undergoes a similar
photochemical process as that described for the conversion of 30 to 32.9,10

33

34

The photochemical properties of 33 and 34 were of interest.10 It was found that
tricyclo[4.3.12,5.0]deca-3,8-diene-7,10-dione 33 with four phenyl substituents will still
undergo reversible dimerizations with 34 when irradiated.10 These rearrangements were
concluded to be sigmatropic rearrangements that occur when the illustrated
cyclopentadienones are exposed to light.10
9

A new isomer 35 of the former eight-membered ring 32 was found in 1972.11
Compound 32 was investigated thermally.

30

32

35

After heating 32 in carbon tetrachloride (CCl4) for eight hours, two isomers 30 and 35
were obtained in a 2:1 ratio, respectively.11 The major product 30 was already known but
the minor product was a new discovery and clearly showed that the original eightmembered ring compound 32 is thermally active.11 While the reaction is not reversible
thermally, both isomers, 30 and 35, rearrange back to 32 by direct irradiation.11 The
following reaction sequence has also been described.11

32

30

31

35
The newly discovered isomer 35 was found to react very rapidly in benzene when
irradiated and was transformed into a mixture of 32 and 30.11
10

More research was carried out on derivatives of the previously described dimers
to understand their reactivity compared to the original unsubstituted derivatives.12

36

37

38

39
For example, it was shown that 36a and 36b rearranged to 37a and 37b upon
irradiation.12 This reaction was reversible but the cage structure 38 also formed upon
further irradiation of 37.12 The eight-membered ring compound 39 derivative could be
reduced with lithium aluminum hydride and the alcohol product 39c underwent
acetylation in pyridine to produce 39d.12 Irradiation of 39d had no effect.12 It was
concluded that reduction and acetylation of the carbonyl groups limited the molecule’s
photochemical reactivity.12 Many other rearrangement variations were also found, but do
not pertain to the eight-membered ring isomer 37.12
The purpose of a study done in 1977 was to understand the formation of ether
products 42 and 43 that can also be formed from the carbonyl containing eight-membered
ring compound 32.13
11

32

40

42

41

43

The ether containing dimer takes on different configurations depending on whether or not
the starting material 40 or 41 has one or both of the carbonyls reduced to an alcohol
function.13 Theses reactions were conducted in a methanolic solution of sodium
hydroxide at room temperature.13
In 1978, a new molecule, tricycle[4.2.2.22,5]dodecane 44, was generated using
dimer 32 as starting material.14

32

44

45
14

The π-bonds and one of the carbonyls in 32 were reduced to form 44. A TiffeneauDemjanov procedure was performed to add a carbon (two total) to the eight membered
ring to produce 45.14
Fuchs elaborated on his previous work from 197110 in 1980.15 Rearrangement
products of cyclopentadienone dimers were experimentally acquired and studied. This
12

research was carried out to fully understand the stereochemical properties of the dimers
in their different forms.15 The following reaction was described.15

31

30

32

It was found that 32 undergoes a Cope rearrangement back to 30 when it is heated and
exposed to light, as well as readily from 30 and indirectly from 31 when exposed to
light.15 Fuchs also found that in the conversion of 32 to 35 and from 35 to 32, a biradical
intermediate is implicated.15

32

35

Research was also carried out on substituted dimers that do not dissociate like
their unsubstituted derivatives.15 It was found that similar rearrangements, whether they
were brought about thermally or photochemically, occur in the substituted dimers as they
do in their nonsubstituted forms 30, 31, 32.15

46

47

13

48

A side product 49 was found when 48b was irradiated and was also described.15

48

49

The cage structure 49 that was discovered is centrosymmetric and was thought to be
caused by fortuitous orbital overlap that occurred during the reaction.15
In 1983, Tombo carried out extensive research with the dimer 32.16

40

32

42

50

51

53

52

54

The reaction of 32 with methyl lithium at 0 °C in ether was used to obtain the alcohol
50.16 Compound 50 was reduced with lithium aluminum hydride to synthesize the diol

14

51.16 Ether 54 was obtained by placing 51 in a 1:1 aqueous sodium hydroxide - methanol
solution, and allowing the base to catalyze the reaction.16 The reaction was also carried
out on 50 in a 2 N sodium hydroxide - methanol solution to produce 52 which was
reduced with lithium aluminum hydride to produce 54 in 71% yield.16 Compound 53 was
synthesized by reacting 42 with methyl lithium to yield 53 in a 90% yield.16 This work
was done in order to show that 9-exo-methyl-anti10.11-tricyclo[4.2.1.12,5]deca-3,7-diene9endo, 10endo-diol, 51, will form two pentacyclic ethers when treated with acid.16 It was
found that the high steric compression of 51 determines which isomer of the ether will be
preferred.16
Poly(2,3-diphenyl-1,4-phenylene vinylene)s (DP-PPVs)
In 1982, Ganesan developed a method of synthesizing phenylated poly(phenylene
vinylenes (DP-PPV) by reacting the dialdehyde 56 with the Wittig reagent prepared from
bisphosphonium salt 55 to provide DP-PPV 3.17

55

56

3

It was found that these polymers emit a bright blue color when they are exposed to UVlight.17 It was hypothesized that the polymer 3 would be excellent for light-emittingdiode applications because of the observed emissions.17
In 1989, Paulvannan also performed a series of reactions to synthesis monomer
units that would be used for the polymerization of 3.18 Benzil 57 and diethyl 1,3-

15

acetonedicarboxylate 27 underwent a condensation reaction in the presence of sodium
hydroxide in ethanol to produce the cyclopentadienone 58.18 A Diels-Alder reaction was
performed on 58 with norbornadiene to obtain 59 which is aromatic.18 The diol 60 was
produced from 59 by a reduction with lithium aluminum hydride, and the former was
then converted to 61 with thionyl chloride.18 Dimethyl sulfide was used to convert 61 to
the salt 62.18 The salt 62 was used to make the precursor 63 in the presence of sodium
hydroxide and the latter was finally converted to DP-PPV 3.18

57

27

58

58

59

61

60

62

16

3

63

In 1993, Hsieh and Feld19 described a new route to synthesize DP-PPVs as shown
below. The previously popular method of DP-PPV synthesis was to use the

61

62

3

63

sulfonium precursor route where 61 is converted to 62 then to 63 and finally to the DPPPV 3.19 In this work the dehydrochlorination route (DHCL), also known as a Gilch
reaction was employed, where 61 is directly converted to 3 with the treatment of
base.19.This was proven to be useful by cutting down the synthesis steps to one step
instead of three.19.A problem discovered after polymerization was that 3 is highly

17

insoluble in a majority of solvents.19.Two solutions to the insolubility problem were
proposed; 1) reduce the base to 1 eq. and form a precursor 64 that can be thermally
converted to 3 once it has been set in place, 2) use a copolymer that will increase
solubility.19

61

64

3

In this process, the soluble precursor 64 was dissolved in benzene and spin cast into a
film that was heated to form 3.19 It was found that the degree of polymerization was
dependent on the amount of heat used.19
In 1998, Feld et al., reported the usefulness of the chlorine precursor route as a
way to avoid solubility issues that are characteristic of DP-PPV.20 DP-PPV derivatives
were also introduced by way of an alkylating Diels-Alder reaction on the
cyclopentadienone 58 at the beginning of monomer synthesis.20 The aromatic product 65
was used to synthesize the diol 66 via a reduction with lithium aluminum hydride.20 The
diol 66 was chlorinated with thionyl chloride to obtain 67, which was then converted to
the aliphatic polymer 68 with potassium t-butoxide.20

58

65

18

66

67

68

a) n = 6, b) n = 8, c) n = 10
The precursor 65 to the other monomer building blocks was produced.20 This Diels-Alder
reaction was found useful because it put chains on the central aromatic ring that aids the
DP-PPV with solubility issues by making it more soluble.20
In 2009, an interesting use for the different halogen precursor derivatives, 69 and
70, of 61 was reported.21 The diol 60, was reacted with thionyl chloride to produce 61.21
The dibromo compound 69, was obtained by the reaction of 60 with thionyl bromide.21 A
Finkelstein method using potassium iodide was used to produce 70 from 61.21

60

61

70

69
The objective of this research was to create polymers for use in electronic
capacitors that have safety features based on their physical properties.21 The conversion
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of the nonconductive precursors 64, 71, and 72 to a conductive polymer 3 provides a
safety valve.21

64

71

72

3

The precursors 64, 71, and 72, when used as capacitor material, allow for the storage of
electrical charge.21 If the temperature of the capacitor reaches the conversion temperature
of the polymer, a conversion to 3 takes place and the capacitor will no longer be able to
build up a charge and a shutdown ensues.21
The different halogens attached to the precursors allow for a range of temperature
conversions.21 For example, the iodo precursor 71 has a conversion temperature of
around 100 °C and the chloro precursor 64 is around 200 °C.21 This allows manufacturers
to better fine tune a capacitor for a specific use in a specific environment.21
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Experimental
Instrumentation and Chemicals.
All melting points were obtained using a DigiMelt MPA – 160 or TA DSC Q 200.
A Bruker Avance 300 MHz NMR Spectrometer was used for all 13C and 1H obtained
spectra. The NMR solvents, CDCl3, D2O, DMSO-d6, Acetone-d6 were purchased from
Sigma-Aldrich. X-ray crystal structures were obtained using a Bruker SMART X2S.
Infrared spectra were obtained using a Nicolet 6700 FT-IR spectrometer employing thin
films on NaCl discs.
1,3-Bisphenylsulfonylacetone (1)
In a 100 mL round-bottomed flask was placed 1,3-dichloroacetone (0.77 g, 6
mmol) and tetrabutylammonium hydrogen sulfate (0.18 g, 0.53 mmol) dissolved in
methylene chloride (25 mL). Benzenesulfinic acid sodium salt (See Table in Results and
Discussion) was dissolved in 10 mL of water and then added to the solution to form two
layers. The mixture was stirred overnight at room temperature. The yellow organic layer
turned pink overnight. The layers were separated and the organic layer was evaporated to
obtain a white product. Products from Trials 3 and 4 were recrystallized from methanol to
produce white crystals in 42% and 49% yield, respectively: mp 151-153°C; IR (NaCl)
cm-1 735, 753, 1142, 1320, 1737; 1H NMR (CDCl3, δ), 4.53 (s, 4H, CH2), 7.58, 7.60, 7.63
(t, 2H, Ar), 7.71, 7.73, 7.75 (t, 4H, Ar), 7.86, 7.88 (d, 4H, Ar); 13C NMR (DMSO-d6,
ppm) 65.45, 127.94, 129.29, 134.23, 138.81, 188.48.
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2,5-Dicarboethoxy-3,4-di(4-methylphenyl)cyclopentadienone (28)
The product was synthesized following a published procedure.8 In a 250 mL
round-bottomed flask containing methanol (45 mL) were added 4,4’-dimethylbenzil (5.00
g, 21 mmol) and diethyl 1,3-acetonedicarboxylate (5.06 g, 25 mmol) with cooling in an
ice bath. In a separate beaker containing methanol (40 mL) was dissolved NaOH (0.84 g,
21 mmol). The basic solution was added to the initial mixture. The mixture was stirred
for 24 h while the temperature was allowed to warm to room temperature. A yellow salt
precipitated and was isolated by filtration. The yellow salt was suspended in acetic
anhydride (40 mL) and H2SO4 was added dropwise until a clear, dark-red solution
formed. Deionized water was added dropwise to this solution to maintain a temperature
between 70-80°. Once the temperature dropped to 40°, an excess of deionized water was
added to the mixture and the mixture was stirred for 2 h. A red product was obtained in
68.7 % yield by filtration: mp 104-106°C; IR (NaCl) cm-1 721, 823, 840, 1719, 1739,
2982; 1H NMR (CDCl3, δ) 1.91, 1.22, 1,24 (t, 6H, CH3), 3.76 (s, 6H, CH3), 4.19, 4.21,
4.24, 4.26 (q, 4H, CH2), 6.94, 6.96 (d, 4H, Ar), 7.08, 7.10 (d, 4H, Ar); 13C NMR (CDCl3,
ppm) 13.98, 21.52, 52.06, 61.14, 119.55, 128.16, 128.40, 128.45, 129.13, 140.63, 140.79,
161.91, 162.13, 162.42, 162.85, 191.11.
2,5-Dicarboethoxy-3,4-di(4-methylphenyl)cyclopentadienone Dimer (2)
In a petri dish, was placed 2,5-Dicarboethoxy-3,4-di(4-methylphenyl)
cyclopentadienone (1.01 g). The petri dish was placed under a desk lamp containing a
compact fluorescent light bulb. The red color of the cyclopentadienone turned white over
the course of a few days. The white product was stirred in ethanol (90 mL) with low heat
for 24 hours and filtered. A white solid was obtained in 94 % yield: mp 183-185°C; IR
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(NaCl) cm-1 1742, 1779, 2981; 1H NMR (CDCl3, δ) 0.86, 0.89, 0.91 (m, 12H, CH3), 3.49
(s, 12H, CH3), 3.90-4.14 (m, 8H, CH2), 6.90, 6.93 (d, 4H, Ar), 7.12, 7.15 (t, 4H, Ar); 13C
NMR (CDCl3, ppm) 13.37, 21.18, 61.75, 70.18, 127.55, 127.63, 130.36, 130.43, 130.57,
131.14, 136.94, 136.97, 147.02, 164.74, 190.84. Anal. Calcd. for C50H48O10: C, 74.24%;
H, 5.98%; O, 19.78%. Found: C, 74.38%; H, 6.00%.
2,3-Diphenyl-1,4-bis(hydroxymethyl)benzene (60)
In a three-necked 1000 mL round-bottomed flask containing tetrahydrofuran
(THF, 250 mL), was placed lithium aluminum hydride (LiAlH4, 4.13 g, 108 mmol) in
small amounts over 0.5 h under a nitrogen atmosphere at room temperature. The mixture
was lowered into an ice bath. In a separate beaker containing THF (250 mL), was added
the diester 57 (10.02 g, 27 mmol). The solution was transferred to a pressure equalized
addition funnel added dropwise over 45 min to the LiAlH4 mixture. The mixture was
warmed to room temperature and placed in a 50°C oil bath and heated with stirring
overnight. The mixture was cooled to room temperature and 4 mL of water was added to
the flask dropwise over 25 min. A 15% NaOH solution (12.3 mL) was prepared and
added dropwise followed by additional water (12 mL). The solvent (THF) was
evaporated and a 10% H2SO4 solution (600 mL) was added and the mixture was stirred
overnight. The white solid was filtered and was obtained in 99.1 % crude yield: mp 175185°C; IR (NaCl) cm-1 764, 814, 2910, 3274; 1H NMR (DMSO-d6, δ) 4.15, 4.17 (d, 4H,
CH2), 4.99, 5.01, 5.03 (t, 2H, OH), 6.94-7.17 (m, 12H, Ar), 7.61 (s, 12H, Ar); 13C NMR
(DMSO-d6, ppm) 61.07, 125.54, 126.12, 127.28, 129.78, 138.20, 138.62, 138.83.
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2,3-Diphenyl-1,4-bis(chloromethyl)benzene (61)
In a 25 mL round-bottomed flask was placed diol 58 (3.75 g, 12.9 mmol). Thionyl
chloride (14 mL) was added dropwise to the solid diol with caution. The solid went into
solution and the solution was stirred for 1.5 h. The solution was added cautiously to water
and stirred overnight. The tan solid was filtered, recrystallized from methanol and
obtained in 97.4 % yield: mp 91-92°C . IR (NaCl) cm-1 1264; 1H NMR (CDCl3, δ) 4.39
(s, 4H, CH2), 7.03-7.28 (m, 12H, Ar), 7.63 (s, 12H, Ar); 13C NMR (CDCl3, ppm) 44.53,
126.89, 127.55, 129.45, 129.84, 130.05, 136.04, 137.97, 141.92.
2,3-Diphenylterephthaldehyde (56)
In a 250 mL round-bottomed flask was placed the diol (2.52 g, 8.68 mmol) and
THF (80 mL). At room temperature, manganese(IV) oxide (MnO2, 2.23 g, 25.6 mmol)
was added in small amounts to the solution while stirring. The flask was lowered into an
oil bath and heated to 70°C for 24 hours. The MnO2 was filtered off three times using
two layers of glass fiber filter paper for each filtration. Chloroform was used to dissolve
aldehyde crystals through the filter. The solvent was evaporated producing a brown solid
in 95.2 % yield: mp 195-213°C; IR (NaCl) cm-1 706, 759, 830, 1689; 1H NMR (CDCl3,
δ) 7.05-7.28 (m, 12H, Ar), 8.14 (s, 12H, Ar), 9.80 (s, 2H, CHO); 13C NMR (CDCl3, ppm)
126.47, 127.87, 130.91, 134.70, 137.56, 145.97, 191.98.
2,3-Diphenyl-1,4-bis(triphenylphosphinomethyl)benzene Dichloride (78)
A solution of triphenylphosphine (2.25 g, 8.6 mmol) in dichloromethane (20 mL)
and a solution of dichloro compound 59 (1.33 g, 4 mmol) in dichloromethane (15 mL)
were mixed and stirred at 50° overnight. The solvent was removed under vacuum and the
tan product was obtained by filtration. The crude product was stirred in ether overnight
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and filtered to obtain a white product in 100 % crude yield: mp 177-185°C. IR (NaCl)
cm-1 1438; 1H NMR (CDCl3, δ) 5.31, 5.36 (d, 4H, CH2), 6.01, 6.03 (d, 34H, Ar); 6.877.73 (m, 34H, Ar); 13C NMR (CDCl3, ppm) 28.85, 29.46, 116.89, 118.03, 126.83, 127.55,
127.60, 127.96, 128.36, 128.45, 128.52, 128.64, 129.43, 129.77, 130.09, 130.15, 130.24,
130.32, 130.38, 130.75, 131.91, 132.04, 133.49, 133.75, 134.06, 134.13, 134.20, 134.26,
135.02, 137.24, 143.96. Anal. Calcd. for C56H46P2Cl2: C, 78.96%; H, 5.45%; Cl, 8.32%;
P, 7.27%. Found: C, 75.47%; H, 5.66%.
Poly(phenylenevinylene) General Procedure (3)
In a round-bottomed flask, a slurry of the bisphosphonium salt 78 and dialdehyde
56 in dichloromethane (DCM, 8 mL) was treated dropwise with a 50% NaOH solution
and a color change to red was observed. Additional DCM and water were added and the
mixture was stirred for 1 h at which time the solution was a bright yellow color. The
product was extracted with DCM, the extracts were combined and dried with anhydrous
Na2SO4. The DCM was evaporated under vacuum to produce a yellow solid.
Table 1. Trials Preparing Polymer Compounds
Trial
1
2

Cl- Salt
(78)
0.60 g
0.70 mmol
N/A

Br- Salt
(55)
N/A
0.42 g
0.45 mmol

Dialdehyde
(56)
0.21 g
0.70 mmol
0.13 g
0.45 mmol

50% NaOH

Ad. DCM

Ad. H2O

10 mL

30 mL

35 mL

10 mL

20 mL

20 mL

Polymer from Cl Salt: mp 55-70°C. IR (NaCl) cm-1 1438; 1H NMR (CDCl3, δ) 7.04-7.73
(m, 12H, Ar); 13C NMR (CDCl3, ppm) 125.98, 126.21, 126.91, 127.24, 127.47, 127.70,
129.59, 130.51, 130.80, 130.87, 131.01, 135.48, 139.66, 141.21.
Polymer from Br Salt: mp 90-110°C. IR (NaCl) cm-1 1438; 1H NMR (CDCl3, δ) 6.537.80 (m, 12H, Ar); 13C NMR (CDCl3, ppm) 123.27, 124.95, 125.17, 125.89, 126.18,
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126.43, 126.67, 126.84, 127.47, 128.57, 129.49, 129.77, 129.84, 130.00, 134.45, 138.07,
138.63, 139.76, 140.19.
1,4-(2-phenylethenyl)-2,3-diphenylbenzene (81)
In a 50 mL round-bottomed flask were dissolved dialdehyde 56 (0.1 g, 0.35
mmol) and benzyltriphenylphosphonium chloride 80 (0.27 g, 0.70 mmol) in DCM (5
mL). A 50% NaOH solution (10 mL) was added dropwise to the solution. An additional
10 mL of both water and DCM were added to the solution and stirred for 1 hour. The
color changed from bright yellow to pale yellow. The aqueous layer was extracted with
DCM and all organic layers were combined and dried with Na2SO4. The solvent was
evaporated and a pale yellow solid was obtained in a yield of 2.43%: mp 104-120°C; 1H
NMR (CDCl3, δ) 6.18, 6.20, 6.22, 6.24 (q, 4H, CH), 6.39, 6.42, 6.43, 6.46 (q, 4H, CH),
6.85-7.86 (m, 22H, Ar); (CDCl3, ppm) 30.91, 56.00, 110.76, 119.77, 120.70, 123.82,
124.40, 126.34, 126.39, 126.48, 126.52, 127.02, 127.08, 127.34, 127.40, 127.45, 127.76,
128.13, 128.25, 128.28, 128.45, 128.61, 128.75, 129.03, 129.07, 129.14, 129.51, 130.39,
130.52, 130.67, 130.92, 131.08, 131.83, 131.95, 131.99, 132.04, 132.17, 133.21, 135.12,
135.43, 135.86, 136.11, 137.13, 137.19, 137.60, 139.19, 139.35, 139.65, 139.81, 140.89,
141.08, 141.10, 141.39, 190.86.
2-Carbomethoxy-5-methyl-3,4-diphenylcyclopentadienone (83)
In a 100 mL round-bottomed flask, benzil (3.60 g, 17.3 mmol) and methyl 3oxavalerate (4.2 mL, 34.6 mmol) were combined in methanol (30 mL). A solution of
potassium hydroxide (0.33 g) in methanol (5 mL) was added dropwise to the original
solution. The solution was refluxed for 48 h with stirring. The solvent was evaporated
and the yellow oil taken up in benzene (50 mL) and the solution was washed three times
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with water. The organic layer was separated, dried with magnesium sulfate and the
solvent was evaporated. The carbinol (6.54 g) was dissolved in acetic anhydride (20 mL)
and H2SO4 (3 drops) was added to the solution to immediately produce a deep red color.
The solution was stirred for 6 min and was added to water (140 mL) to form a red oil.
The red oil was extracted with benzene (or toluene) and the extracts were combined and
dried with magnesium sulfate. When approximately one-half of the solvent was
evaporated, a room temperature dimerization occurred as evidenced by a loss of color.
The remaining solvent was removed and the “dimer” was stirred with methanol for 24 h.
On filtration, the solid, white dimer was obtained in 18% yield: mp 120-126°C; 1H NMR
(CDCl3, δ) 1.32 (s, 3H, CH3), 3.37 (s, 3H, CH3), 3.76 (s, 3H, CH3), 6.62-7.40 (m, 20H,
Ar)
Methyl 4-methyl-2,3-diphenylbenzoate (85)
In a Q-Tube were placed dissociating dimer 84 (1.40 g, 2 mmol) and
norbornadiene (13 mL, 0.13 mol). The mixture was heated in a sand bath at 130° for 2.75
h. The solution was cooled to room temperature and the excess norbornadiene was
evaporated. The yellow solid was recrystallized in isopropyl alcohol to obtain a 94.3%
yield of a white crystalline solid: mp 93-95°C; IR (NaCl) cm-1 1726; 1H NMR (CDCl3, δ)
2.16 (s, 3H, CH3), 3.55 (s, 3H, CH3) 6.94-7.35 (m, 12H, Ar), 7.36, 7.38 (d, 12H, Ar),
7.77, 7.80 (d, 12H, Ar); 13C NMR (CDCl3, ppm) 21.47, 51.74, 126.13, 126.32, 126.96,
127.60, 128.30, 128.84, 129.53, 129.63, 129.96, 139.52, 140.04, 140.28, 141.49, 142.27,
168.96. Anal. Calcd. for C21H18O2: C, 83.42%; H, 6.00%; O, 10.58%. Found: C, 83.51%;
H, 6.07%.
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4-Methyl-2,3-diphenylbenzyl alcohol (86)
In a three-necked 100 mL round-bottomed flask containing THF (25 mL), was
placed lithium aluminum hydride (LiAlH4, 0.168 g, 4.26 mmol) in small amounts over a
0.5 h under a nitrogen atmosphere at room temperature. The flask was lowered into an ice
bath. A solution of ester 85 (0.644 g, 2.13 mmol) in THF (20 mL) was transferred to a
pressure equalizing addition funnel and the solution was added dropwise over 10 min to
the LiAlH4 mixture. The mixture was warmed to room temperature and placed in a 50°C
oil bath and heated with stirring overnight. The mixture was cooled to room temperature
and 1 mL of water was added dropwise and the mixture was stirred for 10 min. A 15%
NaOH solution (1.5 mL) was prepared and added dropwise as well as additional water (2
mL). The solvent (THF) was evaporated and a 10% H2SO4 solution (60 mL) was added
and stirring was continued for 1 h. The product, a white solid, was obtained in 91.6%
yield: mp 120-137°C; IR (NaCl) cm-1 3377; 1H NMR (CDCl3, δ) 2.14 (s, 3H, CH3), 4.45
(s, 3H, CH3) 6.95-7.28 (m, 12H, Ar), 7.33, 7.36 (d, 12H, Ar), 7.47, 7.49 (d, 12H, Ar); 13C
NMR (CDCl3, ppm) 21.00, 63.69, 126.07, 126.42, 126.87, 127.49, 127.54, 129.24,
129.94, 129.97, 135.77, 136.35, 139.21, 140.22, 140.42, 141.67. Anal. Calcd. for
C20H18O: C, 87.56%; H, 6.61%; O, 5.83%. Found: C, 86.66%; H, 6.67%.
4-Methyl-2,3-diphenylbenzaldehyde (88)
In a 50 mL round-bottomed flask was placed the aromatic alcohol 86 (0.429 g,
1.56 mmol) and dichloromethane (DCM, 25 mL). Pyridinium chlorochromate (PCC,
0.334 g, 1.56 mmol) was slowly added and the solution was heated at 40° for 1 h.
Completion of the reaction was confirmed by TLC (10% ethyl acetate/hexane). The
mixture was filtered using glass fiber filter paper and the solvent was evaporated to yield
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88 as an off-white product in 82.6% yield: mp 151-155°C; IR (NaCl) cm-1 1685; 1H
NMR (CDCl3, δ) 2.12 (s, 3H, CH3), 6.86-7.19 (m, 12H, Ar), 7.34, 7.37 (d, 12H, Ar),
7.87, 7.90 (d, 12H, Ar), 9.60 (s, 1H, CHO); 13C NMR (CDCl3, ppm) 21.77, 126.05,
126.60, 127.09, 127.41, 127.80, 129.64, 129.94, 130.89, 132.59, 136.46, 138.88, 142.22,
141.19, 145.24, 192.56. Anal. Calcd. for C20H16O: C, 88.20%; H, 5.92%; O, 5.87%.
Found: C, 87.81%; H, 5.98%.
4-Methyl-2,3-diphenylbenzyl chloride (87)
In a 50 mL round-bottomed flask was placed alcohol 86 (1.77 g, 6.45 mmol).
Thionyl chloride was cautiously added dropwise until the alcohol 86 went into solution.
The brown solution was stirred for 1 h and added dropwise to water (100 mL). Upon
filtration, the white product was was obtained in 95.8% yield: mp 129-132°C; IR (NaCl)
cm-1 1263, 1441; 1H NMR (CDCl3, δ) 2.15 (s, 3H, CH3), 4.40 (s, 2H, CH3), 6.96-7.18 (m,
12H, Ar), 7.34, 7.36 (d, 12H, Ar), 7.49, 7.51 (d, 12H, Ar); 13C NMR (CDCl3, ppm) 21.13,
45.07, 126.18, 126.58, 127.39, 127.54, 128.80, 129.52, 129.89, 130.17, 133.24, 136.89,
138.66, 140.07, 141.39, 141.97. Anal. Calcd. for C20H17Cl: C, 82.04%; H, 5.85%; Cl,
12.11%. Found: C, 81.93%; H, 5.86%.
1,4-Bis(2,3-diphenyl-4-methylphenyl)ethenyl-2,3-diphenylbenzene (89)
In a 50 mL, round-bottomed flask was placed aldehyde 88 (0.206 g, 0.73 mmol)
and bisphosphonium chloride 78 (0.307 g, 0.37 mmol) and DCM (6 mL). A 50% NaOH
solution (10 mL) was added dropwise to the DCM slurry. Additional water (10 mL) and
DCM (5 mL) were added to the bright yellow solution and the mixture was stirred for 1
h. The aqueous layer was extracted with DCM and the extracts were combined and dried
with Na2SO4. The solvent was evaporated and a pale-yellow solid was obtained. Column
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chromatography was performed with DCM to remove excess 88 and then 89 washed in
sodium bisulfite. The organic and aqueous layers were evaporated, the solid yellow
product was dissolved in chloroform and filtered to obtain an oily solid in a yield of
49.3%: mp N/A ; IR (NaCl) cm-1 758, 834, 1688 ;1H NMR (CDCl3, δ) 6.85-7.89 (m, 36H,
Ar); 13C NMR (CDCl3, ppm) 21.15, 21.76, 126.06, 126.61, 127.09, 127.21, 127.26,
127.41, 127.47, 127.80, 128.14, 128.44, 128.60, 128.69, 129.16, 129.65, 129.95, 130.01,
130.18, 130.56, 130.71, 130.89, 131.90, 131.93, 131.96, 132.06, 132.19, 132.61, 133.27,
136.48, 138.89, 140.44, 142.23, 143.19, 145.25.
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RESULTS AND DISCUSSION
Bisphenylsulfonyl Compounds
The synthesis of 1,3-bisphenylsulfonylacetone 1 and some derivatives have been
previously described.7 The objective of the previously described research was to obtain
the monosubstituted product 21, not the disubstituted product 1.7 By tailoring a
previously known procedure,7 it was possible to make 1 the major product. Sodium
benzenesulfinate 13 was reacted with 1,3-dichloroacetone 9 in the presence of
tetrabutylammonium hydrogensulfate.

13

9

1

21

Table 2. Preparation of Mono and Disubstituted Sulfonylacetones
Trial
1

BSA Na Salt
1.65 g, 10 mmol

1,3-DCA

NBu4HSO4

Product

0.77 g, 6 mmol

0.18 g

1.45 g Mixed

2

2.95 g, 18 mmol

0.77 g, 6 mmol

0.19 g

Disubstituted

3

11.82 g, 72 mmol

0.36 g

4

23.65 g, 144 mmol

1.52 g, 12
mmol
3.07 g, 24
mmol

1.70 g Disubs.
42% Yield
3.97 g Disubs.
49% Yield

0.68 g

BSA = Benzenesulfinic Acid, DCA = 1,3-Dichloroacetone

The first trial showed that the reaction was viable and produced a mixture of 1
and 21 as expected considering the molar ratios of reactants. The following H1 NMR
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(Figure 3) shows chemical shifts that represent 1,3-bisphenylsulfonylacetone 1 (4.53 δ),
1-chloro -3-phenylsulfonylacetone 21 (4.38 δ) and 1,3-dichloroacetone 9 (4.34 δ).

Figure 3. H1 NMR (CDCl3) of Trial 1 showing presence of 1, 9, and 21.
Since the disubstituted product 1 was desired, the molar amount of 13 was increased
(Table 1). It was observed that the organic layer (DCM) would start to turn a pink color
after about one to two days of stirring. A brown color was then observed, signaling that
the disubstituted product 1 was the major product. Eventually, a white precipitate formed
in the brown organic layer of the reaction.
Figures 4 – 8 show the increase in the concentration of 1 during a seven-day
period of the reaction. Increasing the amount of 13 and stirring for a long period of time
maximized the yield of 1 at 49%.

Figure 4. 300 MHz H1 NMR (CDCl3) Day 1.
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Figure 5. 300 MHz H1 NMR (CDCl3) Day 2.

Figure 6. 300 MHz H1 NMR (CDCl3) Day 5.

Figure 7. 300 MHz H1 NMR (CDCl3) Day 6

Figure 8. 300 MHz H1 NMR (CDCl3) Day 7.
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Table 3. Experimental 1H and 13C Chemical Shifts (ppm) for 1.
Position

1

13

H

C

a

________

188.48

b

4.53

65.45

c

_____

127.94

d

7.85, 7.88

129.29

e

7.71, 7.73, 7.53

134.23

f

7.58, 7.60, 7.63

138.81

Table 4. Major IR stretching frequencies for 1 (cm-1).
O=S=O stretch
1319.54
1141.67

C=O stretch
1736.55

Aromatic Ring Stretch
752.60
735.31

Recrystallization from methanol allowed for complete separation of the 1 and 21
and provided a crystal for X-ray analysis. The structure of 1 is shown in Figure 9.
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Figure 9. Crystal structure of 1.
The condensation of 1 with benzil 57 was carried out in methanol containing
sodium methoxide, a usual condensation base/solvent mixture, but did not yield any
product that could be identified as the cyclopentadienone 73 but only unreacted starting
material 57 in nearly quantitative yield. This was also seen in Figure 10 where the
product of the condensation had similar chemical shifts to known benzil 57 chemical
shifts at 7.51, 7.54, 7.56, 7.66, 7.68, 7.71, 7.98, 7.99, 8.01 δ. It is hypothesized that the
reaction did not occur due to the steric hindrance that is present around the sulfonyl
groups.
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57

1

73

Figure 10. 300 MHz H1 NMR (CDCl3) of condensation reaction products.
The original goal in generating 73 was to have it be a component in a Diels-Alder
reaction with norbornadiene to produce the aromatic compound 74. Using an appropriate

73

74

sulfinate to synthesize 1 would lead to a phenylated bis(fluorophenylsulfonyl)benzene 75,
a unique poly(ether sulfone) monomer.

75
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2,5-Dicarboethoxy-3,4-di(4-methylphenyl)cyclopentadienone Dimer
The photochemically active cyclopentadienone 28 was previously synthesized by
Smith.9 Reacting 4,4’dimethylbenzil 26 with diethyl acetonedicarboxylate 27 in the
presence of sodium hydroxide in methanol provided an intermediate alcohol that could be
dehydrated using sulfuric acid and acetic anhydride to 2,5-dicarboethoxy-3,4-di(4methylphenyl)cyclopentadienone 28. The use of more conventional sodium ethoxide in
ethanol as a base/solvent combination was not a successful system for this reaction.

26

27

28

Cyclopentadienone 28 had a characteristic vibrant, red color that faded on
exposure to visible light yielding a white compound 2. The reaction was conducted in a
glass petri dish and is a solid-state dimerization that occurs in nearly quantitative yield.

28

2

Depending on the intensity of the light, the dimerization process can take anywhere from
a few days to a few weeks. Using natural light from the sun, the dimerization took about
four weeks to complete. The use of a desk lamp as the light source sped up the
conversion to approximately five days. Periodic crushing or stirring of the solid
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monomer/dimer combination proved useful in the conversion. It was generally possible to
determine when dimerization is complete by taking note of the color change (Figure 11).

Figure 11. Red monomer 28 and white dimer 2.
Purification of 2 can be readily accomplished by stirring it in ethanol to remove
unreacted monomer 28. The efficacy of this procedure is confirmed by an acceptable
elemental analysis (see Experimental) and the proton NMR spectrum (Figure 12).
Although some impurities are present, the 1H NMR clearly indicates the presence of the
methyl substituent with an absorption at 3.49 δ, the para substituted aromatic ring (a pair
of doublets with absorptions at 6.90, 6.93 δ and 7.12, 7.15 δ) and the characteristic triplet
(0.86, 0.89, 0.91 δ) and quartet (3.90-4.14 δ) for the ethyl groups in the ester functions.
The ethyl absorptions are not clear probably because of the steric congestion of the ester
groups in 2.

Figure 12. 300 MHz 1H NMR (CDCl3) of Dimer 2
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Although monomer 28 could be removed with ethanol, recrystallization with 1-propanol
was pursued. Heating dimer 2 in solution gave rise to a brilliant yellow color. The color
along with changes in the 1H NMR (Figure 13) were interpreted to indicate that 2 was
not only photochemically active, but also potentially thermally active in a rearrangement
sense. The discussion involving similar dimer structures in the Historical backs up this
theory. Additional absorptions appeared in the 4.0 δ, 1.5 δ and 0.9 δ regions and solvent
(propanol) appears to be present (absorptions at 3.70 δ, 3.72 δ and 3.74 δ).

Figure 13. 1H NMR of Propanol Recrystallized Dimer.
On the possibility that transesterification without skeletal rearrangements was
occurring, the reaction of 2 in propanol with a catalytic amount of H2SO4 was carried out
for twelve days. The 1H NMR in Figures 14-19 illustrate the changes during different
periods of the transesterification.

2
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Figure 14. 300 MHz H1 NMR (CDCl3) 2.

Figure 15. 300 MHz H1 NMR (CDCl3) Day 2, 1-Propanol Reflux of 2.

Figure 16. 300 MHz H1 NMR (CDCl3) Day 5, 1-Propanol Reflux of 2.

Figure 17. 300 MHz H1 NMR (CDCl3) Day 8, 1-Propanol Reflux of 2.
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Figure 18. 300 MHz H1 NMR (CDCl3) Day 11, 1-Propanol Reflux of 2.

Figure 19. 300 MHz H1 NMR (CDCl3) Day 12, 1-Propanol Reflux of 2.
Several conclusions can be drawn from the NMR spectra (Figures 14 - 19)
shown. First, the general appearance of the spectra is nearly unchanged, aside from some
clarification in some areas, from day 2 through day 12. Second, absorptions in the region
associated with oxymethylene absorption (3.5 δ – 4.5 δ) can be indicative of a propyl
transesterification product. Third, absorptions in the 1.5 – 1.9 δ region are consistent and
probably part of a propyl ester function. Fourth, triplet absorptions in the 0.5 – 1.0 δ
region are also consistent with the presence of one or more propyl ester functions. In
addition, the thermal stability of the product, changing as it may be throughout the 12
days of the reaction, appears to be steady to the boiling point of propanol (82°C).
The solid-state photochemical activity of 28 is well known, as described earlier in
this section. However, the question arose as to whether or not 28 was photochemically
active in solution. Therefore, monomer 28 was dissolved in CDCl3 and placed in an NMR
41

tube under a desk lamp for seventeen (17) days. Each day an NMR was taken to monitor
any changes that occurred. Selected 1H NMR spectra are shown in Figures 20 – 23.

Figure 20. 300 MHz H1 NMR (CDCl3) of 28.

Figure 21. 300 MHz H1 NMR (CDCl3) Day 1, 28 in solution under vis. light.

Figure 22. 300 MHz H1 NMR (CDCl3) Day 5, 28 in solution under vis. light.
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Figure 23. 300 MHz H1 NMR (CDCl3) Day 17, 28 in solution under vis. light.
It is obvious from the 1H NMR spectra that 28 is photochemically active in
solution. The 1H NMR spectrum of the solution, particularly the oxymethylene region
(3.5 δ – 4.5 δ) and the methyl region (1.10 δ – 1.35 δ), indicate changes in the ester
environments. These changes do not indicate the appearance of the same dimer found in
solid-state reactions.
Poly(2,3-diphenyl-1,4-phenylene vinylene)s (DP-PPVs)
Previously synthesized diester 59 was reduced with lithium aluminum hydride in
tetrahydrofuran (THF) in order to produce diol 60.18 The 1H NMR spectrum of 60 is
shown in Figure 48 (Appendix). Coupling between the CH2 and OH protons is shown by
the appearance of a doublet (4.16 δ) and a triplet (5.01 δ). The diol 60 was converted to
the corresponding dichloro compound 61 with thionyl chloride. The 1H NMR (Figure
54) of 61 exhibits a singlet at 4.39 δ characteristic of the methylene group in benzylic
chloro compounds. Diol 60 was also used to generate dialdehyde 56 by oxidation with
manganese(IV) oxide in THF. The disappearance of the doublet and triplet in the 1H
NMR spectrum (Figure 48) of the diol 60 and the appearance of a singlet at 9.80 δ in
Figure 51 confirmed the synthesis of 56.
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59

60

61

56

Bisphosphonium salt 78 was produced by conducting a nucleophilic substitution
reaction of 61 with triphenylphosphine 77 in dichloromethane (DCM). The salt 78 is a
key component in the preparation of DP-PPV 3. The 1H NMR spectrum of 78 (Figure
24) exhibits two doublets, one at 5.33 δ (P-CH2 coupling)18 and another at 6.02 δ
(attributed to P-ArH coupling). Consideration of the elemental analysis of 78 (C calc’d
=78.96, C found 75.47) leads to the conclusion that it may be contaminated with
triphenylphosphine or that 61 did not undergo complete chloride displacement.

61

77
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78

Figure 24. 300 MHz 1H NMR (CDCl3) of 78.
Polymerizations using 55 (phosphonium bromide)and 78 (phosphonium chloride)
with dialdehyde 56 were carried out in a two-phase reaction where the salts 55, 78 and
dialdehyde 56 were dissolved/slurried in DCM and aqueous sodium hydroxide was
added. A series of color changes were observed after the addition of sodium hydroxide as
seen in Figure 25. The reaction started as a tan solution, but after the base was added, the
black color formed, followed by a transformation to red, and finally a brilliant yellow.
From past polymerizations done by Paulvannan,18 it was known that the bright yellow
color was indicative of the presence of 3.

56

55, 78
a) X = Br- b) X = Cl-

3
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79

Figure 25. Stages of Polymerization
The layers were separated and the solvent was evaporated. In order to try and rid
the polymer of triphenylphosphine oxide, a by-product of the described polymerization, 3
was dissolved in chloroform and stirred in methanol. The polymer 3 precipitated in the
methanol, but the crystals were very small so numerous filtrations had to be done to
obtain the product. In Figure 28, 13C NMR shows peaks (128.42, 128.58, 131.77, 131.93,
131.97, 132.03, 132.16, 133.15, ppm, Ar) of 79. The 13C NMR spectra of 79 was
compared to the 13C NMR of the two polymers after being stirred in methanol. Figure 26
and Figure 27 show the chemical shifts for both polymers 3 after being stirred in
methanol. It appeared that all of the triphenylphosphine oxide 79 was successfully
removed.

Figure 26. 300 MHz 13C NMR (CDCl3) of 3 from Cl Salt 78.
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Figure 27. 300 MHz 13C NMR (CDCl3) of 3 from Br Salt 55.

Figure 28. 300 MHz 13C NMR (CDCl3) of 79.
The uncertain analytical results for the preceeding polymerization prompted a
study of some oligomeric relatives of DP-PPV 3 to perform more useful physical
analysis and to compare the oligomer to 3. The first oligomer 81 was synthesized by
reacting dialdehyde 56 and benzyl triphenylphosphonium chloride 80 in DCM as
previously described for the preparation of 3. The product, 81, was also yellow but
exhibited less blue emission in the presence of UV-light.
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56

80

81

A portion of the the 1H NMR spectrum (Figure 29) clearly indicates that the
reaction was incomplete by the appearance of the aldehyde proton absorption at 9.59 δ.
The absorption at about 5.9 δ could be attributed to the olefinic protons in 81 or the socalled half product. It seems evident that the classic Wittig reaction for the preparation of
3 or 81 may be inhibited by steric effects.

Figure 29. 300 MHz 1H NMR expanded view of oligomerization products.
In searching for an alternative oligomer agent, the generation of an asymmetric
cyclopentadienone was considered. The literature revealed that cyclopentadienone 83 had
been synthesized.22 Its conversion to an aromatic derivative, however was not reported.
Thus, the reaction of benzil 57 and 82 was carried out in methanol containing potassium
hydroxide. The intermediate was suspended in acetic anhydride and treated with sulfuric
acid to obtain 83. Once the reaction was complete, the red cyclopentadienone 83 was
allowed to form a “dissociating” dimer 84 at room temperature with a color change from
red to brown. Stirring the “dimer” in methanol provided 84 as a white solid.

48

57

82

83

83

84

The reversibility of the 83 - 84 interconversion was shown simply by the
reappearance of the red monomeric cyclopentadienone 83 at the melting point of the
white dimer.
Dimer 84 was placed in a Q-Tube with excess norbornadiene and heated to
temperatures above the melting point of the dimer 84 (126°C). This allowed for
dissociation back to 83 and a Diels-Alder to occur, producing 85. The Diels-Alder
product 85 was obtained by evaporation of the excess norbornadiene and recrystallization
of the residue from isopropyl alcohol to yield 85 as a white solid.

84

85

The 1H NMR spectrum of 85 exhibited the expected absorptions corresponding to
the aromatic methyl singlet at 2.16 δ, the ester methyl at 3.55 δ and two doublets 7.36 δ
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and 7.77 δ associated with the asymmetric benzoate ring. A crystal structure was obtained
and is shown in Figure 30.

Figure 30. Crystal Structure of 85.
Ester 85 was cleanly reduced with lithium aluminum hydride to obtain the alcohol
86. The 1H NMR spectrum of 86 (Figure 69) showed absorptions at 2.14 δ characteristic
of aromatic methyl groups, 4.45 δ associated with the OH proton, and, of course, the
doublets centered on 7.35 δ and at 7.48 δ that are characteristic of the asymmetrical
aromatic benzene ring in 86.
Alcohol 86 could be oxidized with pyridinium chlorochromate (PCC) to obtain
the aldehyde 88, or could be converted to the corresponding benzylic chloride 87 with
thionyl chloride. The 1H NMR spectrum of 87 (Figure 72) showed a CH3 1H chemical
shift at 2.15 δ, a CH2 shift at 4.40 δ, and the characteristic aromatic set of doublets at 7.34
δ, 7.36 δ, 7.49, and 7.51 δ that verify the asymmetry of 87.
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The aldehyde 88 produced a CH3 1H chemical shift at 2.12 δ, aromatic doublets at
7.34 δ, 7.37 δ, 7.87 δ, 7.90 δ and a CHO shift at 9.60 δ, as shown in Figure 75.

85

86

87

88

The Wittig oligomerization was performed using 88 and 78 as reagents. The
aldehyde 88 and salt 78 were dissolved/slurried in DCM, and a 50% NaOH solution was
slowly added in to the aqueous layer. The same color changes as previously shown in
Figure 25 were witnessed. A brilliant yellow solution appeared upon completion of the
reaction. The layers were separated and the aqueous layer was extracted with DCM and
dried with anhydrous sodium sulfate. Figure 31 shows the resulting chemical shifts of the
obtained crude product from the oligomerization. A chemical shift representing the CHO
proton of the aldedhyde 88 at 9.60 δ was discouraging because the reaction did not go to
completion. However, as shown in Figure 33, the fluorescent blue color on exposure of
89 to UV-light was proof that some product was present. The product mixture including
89 was dissolved in ethyl acetate and washed with 10% sodium bisulfite in an attempt to
rid the product of excess aldehyde 88. Figure 32 shows the 1H NMR of the product 89
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after the sodium bisulfite wash. The same chemical shifts of the aldehyde 88 were again
observed.

88

78

89

Figure 31. 300 MHz 1H NMR of 89 and other products.

Figure 32. 300 MHz 1H NMR of 89 after sodium bisulfite wash.
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Figure 33. 89 exposed to UV-light in CHCl3.
Figure 33 was encouraging, because the fluorescence showed great possibility that the
oligomer 89 behaves in a very similar fashion to the polymer 3 that also fluoresces a
bright blue/green color in the presence of UV-light. The short π-conjugation length of 89
does not affect the ability of 89 to produce light.
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Conclusions
•

1,3-Bisphenylsulfonylacetone 1 was successfully synthesized, although yields
were low. This was due to an equilibrium reached between 1 and 21.	
  

•

1,3-Bisphenylsulfonylacetone 1 cannot undergo a condensation reaction with
benzil 57 to form a cyclopentadienone. 	
  

•

The dimer 2 is photochemically and thermally active in solution and in the solid
state.	
  

•

The dimer 2 may have transesterification capabilities, but overall is a fragile
molecule with its inability undergo common reactions.	
  

•

DP-PPVs 3 are capable of producing an exceptional blue color upon exposure to
UV-light, but they are not easy to purify.	
  

•

DP-PPVs oligomer 89 is potentially a good model to study the full scale polymer
3. 	
  

54

Future Work
•

Develop a method of purification for DP-PPV polymers 3 and oligomer 89.	
  

•

Do more physical analysis on the oligomer 89.	
  

•

Develop the oligomer 89 with more bulky carbon groups on the ends.	
  

•

Try and form a film with 89.	
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Figure 34. IR spectrum (NaCl) of 1.

Figure 35. 300 MHz 1H NMR spectrum (Chloroform-d) of 1.
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Figure 36. 300 MHz 13C NMR spectrum (DMSO-d) of 1.

Figure 37. IR spectrum (NaCl) of 28.
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Figure 38. 300 MHz 1H NMR spectrum (Chloroform-d) of 28.

Figure 39. 300 MHz 13C NMR spectrum (Chloroform-d) of 28.
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Figure 40. IR spectrum (NaCl) of 2.

Figure 41. 300 MHz 1H NMR spectrum (Chloroform-d) of 2.
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Figure 42. 300 MHz 13C NMR spectrum (Chloroform-d) of #.

Figure 43. DSC of 2.
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Figure 44. IR spectrum (NaCl) of 59.

Figure 45. 300 MHz 1H NMR spectrum (Chloroform-d) of 59.
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Figure 46. 300 MHz 13C NMR spectrum (Chloroform-d) of 59.

Figure 47. IR spectrum (NaCl) of 60.
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Figure 48. 300 MHz 1H NMR spectrum (DMSO-d) of 60.

Figure 49. 300 MHz 13C NMR spectrum (DMSO-d) of 60.

63

Figure 50. IR spectrum (NaCl) of 56.

Figure 51. 300 MHz 1H NMR spectrum (Chloroform-d) of 56.
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Figure 52. 300 MHz 13C NMR spectrum (Chloroform-d) of 56.

Figure 53. IR spectrum (NaCl) of 61.
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Figure 54. 300 MHz 1H NMR spectrum (Chloroform-d) of 61.

Figure 55. 300 MHz 13C NMR spectrum (Chloroform-d) of 61.
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Figure 56. IR spectrum (NaCl) of synthesized 78.

Figure 57. 300 MHz 1H NMR spectrum (Chloroform-d) of synthesized 78.
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Figure 58. 300 MHz 13C NMR spectrum (Chloroform-d) of synthesized 78.

Figure 59. IR spectrum (NaCl) of 78.
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Figure 60. 300 MHz 1H NMR spectrum (Chloroform-d) of 78.

Figure 61. 300 MHz 13C NMR spectrum (Chloroform-d) of 78.
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Figure 62. IR spectrum (NaCl) of 55.

Figure 63. 300 MHz 1H NMR spectrum (Chloroform-d) of 55.
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Figure 64. 300 MHz 13C NMR spectrum (Chloroform-d) of 55.

Figure 65. IR spectrum (NaCl) of 85.
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Figure 66. 300 MHz 1H NMR spectrum (Chloroform-d) of 85.

Figure 67. 300 MHz 13C NMR spectrum (Chloroform-d) of 85.
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Figure 68. IR spectrum (NaCl) of 86.

Figure 69. 300 MHz 1H NMR spectrum (Chloroform-d) of 86.
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Figure 70. 300 MHz 13C NMR spectrum (Chloroform-d) of 86.

Figure 71. IR spectrum (NaCl) of 87.
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Figure 72. 300 MHz 1H NMR spectrum (Chloroform-d) of 87.

Figure 73. 300 MHz 13C NMR spectrum (Chloroform-d) of 87.
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Figure 74. IR spectrum (NaCl) of 88.

Figure 75. 300 MHz 1H NMR spectrum (Chloroform-d) of 88.

76

Figure 76. 300 MHz 13C NMR spectrum (Chloroform-d) of 88.

Figure 77. IR spectrum (NaCl) of 3 synthesized from 55.
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Figure 78. 300 MHz 1H NMR spectrum (Chloroform-d) of 3 from 55.

Figure 79. 300 MHz 13C NMR spectrum (Chloroform-d) of 3 from 55.
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Figure 80. IR spectrum (NaCl) of 3 synthesized from .

Figure 81. 300 MHz 1H NMR spectrum (Chloroform-d) of 3 from 78.
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Figure 82. 300 MHz 13C NMR spectrum (Chloroform-d) of 3 from 55.

Figure 83. IR spectrum (NaCl) of 81.
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Figure 84. 300 MHz 1H NMR spectrum (Chloroform-d) of 81

Figure 85. 300 MHz 13C NMR spectrum (Chloroform-d) of 81.
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Figure 86. IR spectrum (NaCl) of 89.

Figure 87. 300 MHz 1H NMR spectrum (Chloroform-d) of 89.
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Figure 88. 300 MHz 13C NMR spectrum (Chloroform-d) of 89.

Figure 89. 300 MHz 1H NMR spectrum (Chloroform-d) of 84.
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